Inhibition of transglutaminase activity in periodontitis rescues periodontal ligament collagen content and architecture.
Periodontal disease (PD) afflicts approximately 50% of the population in the United States and is characterized by chronic inflammation of the periodontium that can lead to loss of the periodontal ligament through collagen degradation, loss of alveolar bone, and to eventual tooth loss. Previous studies have implicated transglutaminase (TG) activity in promoting thin collagen I fiber morphology and decreased mechanical strength in homeostatic PDL. The aim of this study was to determine whether TG activity influenced collagen assembly in PDL in the setting of periodontal disease. A ligature model was used to induce clinically relevant PD in mice. Mice with ligature were assessed at 5 and 14 days to determine PDL collagen morphology, transglutaminase (TG) activity, and bone loss. The effects of inhibition of TG on PDL were assessed by immunohistochemistry and second-harmonic generation (SHG) to visualize collagen fibers in native tissue. Ligature placement around the 2nd molar resulted in significant bone loss and a decrease in total collagen content after 5 days of ligature placement. A significant increase in thin over thick fibers was also demonstrated in mice with ligature at 5 days associated with apparent increases in immunoreactivity for TG2 and for TG-mediated N-ε-γ-glutamyl cross-links in PDL. Inhibition of TG activity increased total collagen and thick collagen fiber content over vehicle control in mice with ligature for 5 days. SHG of PDL was used to visualize and quantify the effects of TG inhibition on enhanced collagen fiber organization in unfixed control and diseased PDL. These studies support a role of TG in regulating collagen fiber assembly and suggest that strategies to inhibit TG activity in disease might contribute to restoration of PDL tissue integrity.